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(57) ABSTRACT 

A semiconductor device and a method of manufacturing the 
semiconductor device, Which semiconductor device com 
prises grooves formed on a main surface of a semiconductor 
substrate, silicon oxide ?lms embedded in insides of the 
grooves, a ?rst active region surrounded by the grooves and 
disposed on a ?rst portion of the main surface of the 
semiconductor substrate, a ?rst ?eld effect transistor having 
a ?rst gate oxide ?lm formed on a main surface of the ?rst 
active region, a second active region surrounded by the 
grooves and disposed on a second part on the main surface 
of the semiconductor substrate, and a second ?eld effect 
transistor having a second gate oxide ?lm, having a thick 

(22) Filed; Dec_ 14, 2001 ness different from that of the ?rst gate oxide ?lm, formed 
on a main surface of the second active region, Wherein end 

(30) Foreign Application Priority Data shapes of the ?rst active region and second active region are 
the same, by Which drops of the silicon oxide ?lms in the 

Dec. 15, 2000 (JP) .................................... .. 2000-381822 grooves along edges of the grooves do not occur. 
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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and a method of manufacturing the device, in par 
ticular, a structure of isolation in a semiconductor device. 

[0003] 2. Discussion of Background 

[0004] In accordance With development of integrated cir 
cuit design and process technologies, it becomes possible to 
manufacture an integrated circuit (IC) in Which a memory 
element of high density and an operational circuit of high 
density are equipped in a single chip, Whereby micromin 
iaturiZation and high ef?ciency of a device is increasingly 
proceeded. Particularly, a highly integrated logic circuit 
(hereinbeloW, referred to as logic circuit) represented by a 
microprocessing unit (MPU) and a dynamic random access 
memory (DRAM) are formed in a single chip to thereby 
form a logic consolidating dynamic random access memory. 
In producing such a logic consolidating DRAM, it is nec 
essary to fabricate a plurality of MOS elements, respectively 
having different purposes, in the single chip. Therefore, the 
production is controlled to obtain desired transistor charac 
teristics in correspondence With these purposes by changing 
the ?lm thickness of a gate oXide ?lm. 

[0005] In such a semiconductor device, isolation for insu 
lating elements is preferably attained by trench isolation, 
Which can extremely reduce an occupying area and a para 
sitic capacitance in comparison With the other isolation for 
insulating. Such trench isolation is effective for high inte 
gration and high speed. The trench isolation is formed by 
embedding a silicon oXide ?lm in a groove by a chemical 
vapor deposition (CVD) method and etching its surface to 
leave the silicon oXide ?lm only in the groove after forming 
the groove on a surface of a semiconductor substrate to be 
an isolation area, Wherein the CVD method is suitable for 
microminiaturiZation in comparison With a case that a sepa 
ration ?lm is formed by thermal oxidation because it can 
restrict a decrement of active region caused by bird’s beaks 
and control the shape of the trench isolation. 

[0006] FIG. 20 is a cross-sectional vieW for shoWing 
elements of the conventional semiconductor device, in 
Which a DRAM memory cell and a logic circuit are formed 
on a single semiconductor substrate. In FIG. 20, numerical 
reference 101 designates a semiconductor substrate; numeri 
cal reference 102 designates a groove, numerical references 
103 and 104 designate silicon oXide ?lms; numerical refer 
ences 1051 and 1052 designate gate oXide ?lms; numerical 
reference 106 designates a polysilicon layer; numerical 
references 1061 and 1062 designate inter-layer insulating 
?lms; numerical reference 107 designates a metallic silicide 
layer; numerical reference 108 designates a side Wall; 
numerical reference 109 designates a gate electrode; numeri 
cal references 1010 through 1013 designate source/drain 
areas; numerical reference 1018 designates a storage node; 
numerical reference 1019 designates a capacitor insulating 
?lm; numerical reference 1020 designates a cell plate; and 
numerical reference 1022 designates a capacitor composed 
of the storage node 1018, the capacitor insulating ?lm 1019, 
and the cell plate 1020. Trench isolation is composed of the 
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groove 102, and the silicon oXide ?lm 103 and 104, by 
Which active regions are separated. The gate electrode 109 
is composed of the polysilicon layer 106, the metallic 
silicide layer 107, and so on. 

[0007] The source/drain layer 1011 and the gate electrode 
109 are horiZontally overlap each other and interposed by a 
gate oXide ?lm 1051. When a degree of microminiaturiZa 
tion is enhanced, the proportion of the Width of overlapping 
to a memory cell becomes large. Therefore, for eXample in 
a case of nMOS, a high electric ?eld Was generated on a 
surface of the source/drain area 1011 and a leakage current 
caused by band to band tunneling (BTBT) Was sometimes 
generated betWeen the capacitor 1022 and the semiconduc 
tor substrate 101 in reference X of FIG. 20 When a voltage 
higher than that to the gate electrode 109 Was applied to the 
source/drain area 1011. Non-?oW of the leakage current is 
the most important characteristic in DRAM memory cells. 
Because When the leakage current is generated, refresh 
characteristics are deteriorated to cause problems in aspects 
of poWer consumption and reliability, it is necessary to 
reduce a mutual in?uence betWeen the gate electrode 109 
and the source/drain area 1011 by making the thickness of 
gate oXide ?lm 1051 about 7 through 10 nm When the gate 
length L1 of the DRAM memory cell is about 0.2 pm. 

[0008] A high-speed transistor having a great driving 
capability is required in portions other than the memory cell 
such as a logic element and a peripheral circuit of DRAM, 
Wherein it is the most important characteristic that an 
on-current suf?ciently ?oWs. Thus, gate oXide ?lms 1052 of 
transistors in a logic circuit Were formed to be thinner than 
gate oXide ?lms 1051 of transistors in a DRAM memory cell 
by 3 nm in a case that the gate length L2 Was about 0.2 pm 
to suppress a leakage current in a memory cell and to 
enhance a driving capability in portions other than the 
memory cell. 

[0009] HoWever, the conventional device had problems 
that When gate oXide ?lms having different ?lm thicknesses 
Were formed on a single semiconductor substrate, silicon 
oXide ?lms embedded in insides of grooves formed on the 
semiconductor substrate to serve as trench isolation Was 

dropped into the grooves along the side Walls of the grooves 
at positions adjacent to active regions in a portion other than 
the memory cell. 

[0010] FIG. 21 is a cross-sectional vieW for shoWing an 
element of the conventional semiconductor device Which 
enlarges reference Y in FIG. 20. As shoWn, although the 
silicon oXide ?lm 104 embedded in an inside of the groove 
2 is properly formed in the memory cell, the silicon oXide 
?lm 104 is dropped along an interface betWeen the active 
region and the groove 102 in the logic circuit. 

[0011] FIGS. 22 through 27 are cross-sectional vieWs for 
illustrating steps of manufacturing the conventional semi 
conductor device, Wherein numerical reference 1031 desig 
nates a silicon oXide ?lm and numerical reference 1021 
designates a silicon nitride ?lm. At ?rst, the silicon oXide 
?lm 1031 and the silicon nitride ?lm 1021 are formed on a 
surface of a semiconductor substrate 101; the silicon nitride 
?lm 1021 is patterned to have openings for grooves 102 
using a photoresist mask (not shoWn); and the grooves 102 
are formed using the patterned silicon nitride ?lm 1021 as a 
mask. FIG. 22 is a cross-sectional vieW of the semiconduc 
tor device after this step. 




















